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eee LN OS PMOLDULATION 

Intermodulation products (IM) are spurious signals 
Mecuring at the output of a device. which are not in the 
input of the device or network. They are caused by nonlinear 
mrocessing (e.g. oOverdriven amplification) of two or more 
input signals. The spurious signal is called in-band if it 
Mecurs within the bandwidth of interest and called 
“out-of-band if it occurs outside the bandwidth of 
interest. In-barnd I” can cause degradation of system 
MerrOrmance. in-vdand IM can occur on the freyuency of a 
gesired Sletaieara ss with a barger magritude mescing tae 
Meered Sifnal. In-band and out-of-band IM utilize part of 
the network's output power. This can decrease the device 
dynamic ranze, degrade cesired signals and cause the network 
te go into saturation or other nonlinear operations. This in 
merm cavses tne generation of additional IM which yields 
further degradation. 

Two or more strong input signals may be enougn to start 
mae eeneration of intermodulation products. IM generally 
mecurs im any device when it is operated in or near tne 
nonlinear region and has several input signals within its 
Input bandwidth. The point of concern is how large are these 


IM products and how much can the system tolerate. 





eens “MULTICOUPLEF 

mmany area Of communications. military. commercial, or 
amateur. cne Cama lomo lemme Olocxs of a system is an 
Bpeaaicr. this device may appear in many applications. It 
may alse have many ports. One such device is called the 
fmimerrcouyler. It connects multipie receivers or transmitters 
tO a single antenna or single operating position. 

The particular device of interest here is the !receiving 
multicoupler woich couples a single input to several 
balanced outyvuts. The multicoupler operates at radio 
frequencies in the military nigh frequency (HF) band, 2 - 32 
MHz. Single inputs mav be from an antenna, preamplifier, or 
Mm@emoutput of another multicoupler. Aan amplifier stage is 
needed to overccme the losses and vtrovide the overall 1 d3 
memeerreure (plus or minus 1 d@3); the object being to 
Merce a single source to multiple users and not signal 
mmeLitication. 

Psedevice is widely used in military electronics on 
fixed, mobile, shipboard and aeronautical platforms. Of 
Memereculdr interest is its use at U.S. Navy Hign frequency 
Direction Finding (HFDF) sites. Tere a single element or 
Sroup of elements from an antenna array, such as a 
Wullenweber circularly disposed antenna array (CDAA), have 
to be fed to numerous users or processing points. Tynvically, 
tnese multicouplers have one input and eigh Cutouts. | They 


are often cascaded two or tnree deep (figure 1). This allows 


ee 





SIGNAL Y INPUT 


MuLTICOUPLER 
eyneereraeuae re eS .e & Outputs 
MULTI. rn re 1 ULTI. 


<<< sl le UC MULTI. 


Up to 516 Outputs 


Figure 1. Multicoupler Chain 
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Me@emeinput vo be routed to as many as 64 to 512 processing 
Meee OOVIOUSly, any errors or deficiencies occurring 
early in the chain wiil provnagate to all subsequent 
processing points and degrade the entire chain. 

Reference [1] discusses noise surveys meade at various 
Mayvy 3FDF sites. Results cf these survers show taat two 
major sources of system noise were IM nroducts and parasitic 
Meeeerati0ns. Parasitics have a two fold effect. They not 
Soy Dut unwanted noise or oscillétions into tne system. but 
tne resultant vower usaze of the oscillations reduces the 
muilticouplers dynamic range and produces IM as a ty-sroduct. 

The studies also snowed that even in properly ovperatine 
mm@rticouplers ({(tnose which ccnformed to specifications) I™ 
Meeeuets and distortion were prevalent due to the aign 
MemsitY of sSisnals in the environment. #itn tne next 
Memeration %f multicouplers being reatied for contract, 
eee 1S 6tlCUnfed )«6©6fOUl[6Cree@xamine)6©6the)6occurrent methods of 
meeeavyine IM product susceptibilitv, tne adequacy of sush 
Meecitications, and the methods of testing for compliance 
with these specifications. 

Mrerent specifications usually call for the use of two 
MmeneS or Signals of a4  siven voltase to be applied to tne 
Mepvicoupler input and the IM resulting should be a given 
Member Of decibels (d3) below the input signal level. A 
memer method of testing might te more realistic. For several 


Mears a technique of loading a circuit with white noise has 





been used for testing domestic and international telepnone 
Memes. The roise is applied to the -sircuit with a narrow 
Meee ncy Cand which has been notched out or rejected. At 
the circuit output, the narrow stonoand is reexamined and 
the increase in noise in the notch is used as the measure of 
Memeethermal noise and cross-talk caused ty the circuit. this 
effectively Simulates a single unused channel among many 
loaded channels and indicates the amount of interference the 
user of the clear channel would experience. Such methods can 
logically and realistically te extended to multicouplers, 
caer iers and other wideband devices. 

Section II addresses tne two-tone methcd and section III 
aearesses tne noise loading metaod. SCG Uomm | “Contrasts 
sections II and III. Section V gives an evaluation of tne 
white noise method. Section VI offers a method of specifying 
Bemeeprcduct susceptibility in BUR Veen Le ms and a methoa for 


besting the device for compliance. 
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Cero l ON TAS’ MeThOD 


Maremeal —Specifications for IM susceptibility for Navy 
multicouplers are: 


CUStse2/ fir e 


Sees ye 


Perver than 65 dB below two 9.5 Volt r.m.s. input signals 


CU-1999/FRR 2 Ie Sie ala) al 67 
mewrer than 689.9 dB below two 2.25 Volt r.m.s. input 


Signals 


Tne frequency or separation of the two signals ar2 not 
Meeeitie€d although they are cnosen so that the second ana 
memeeoe order IM preducts fall inside the bandwidctn of tne 


Mevice (e.g. 2 - 32 MAz). 


Meee STERMINING THE CRDER OF THE IM PRODUCTS 

moe Order of the IM product is an indication or tne 
combinations of the two test signal frequencies that result 
in the IM frequency. If two signals of frequencies fl and fe 


are used then the Order of the IM products are as follows: 
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and so on. 
The total number of times the frequencies enter into the 
@erculetion indicates the order of the IM. Usually fourth 
order and higher are not consicered significant due to tneir 
reduced amplitude and being far removed in freauency. IM 
products are usually identified by tneir order and relative 
suppression (RS!, which is the numoer of dB (ziven as a 
positive number) that they are down from the two equal 
amplitude input signals. The IM products can be convenientl: 
measured on a spectrum analyzer presentation of tire 
femericoupler output, with a reasoneble desree of accuracy. 
Figure 2 shows an example of a spectrum display witn second 
Pemmecidird OTCGretit.searmonics of the two input tones are 


also present at the input. 


Me INTERCEPT POINT 
Another wavy of specifying I[M-susceptibility 1s witn tne 
third order intercept point (IP). This can be determined 


Pre pnically. Output power of the fundamental versus input 


Lie: 








) 


( 





MHz 


50 


) 


B 


( 


Third Order IM at 26 MHz and 28 MHz 


Figure 2. 
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Meeer 0: tie fundamental is plotted in dim. then outout 
meomeer of the third order IM versus invdut power cf the 
Mmemeemental is also plrtted in d3m. The straignt line 
SimeensioOn cf the linear pertions of each curve will yield a 
Meemembeot intersection. The value, in cBm, on the input power 
Mmmemeroeyne taira order indut Ie. The value can be reac off 
mie Ouvcput Dower axis and the point is called an output IP. 
The input IP value will oe usec here. The larger tune value 
Seeeeetne IP the more resistant tie device will oe to IM 
Meeeerortion. Fisure 3 snows the IP for the high dynamic ranze 


multicoupler being evaluated. Referenc2 !2] gives a more 


te 


Memmeeete 2iscussion of this topic. The intercept point is 
Saining in usage since it 1S mathematically independent of 
the input signal amplitude and can be snecified for any 


order IM desired. This technique still relies on tne use of 


mee two-tone input. 


Pee oHORT COMINGS 

Ome snort coming of the two-tone test is that it is not 
a good model of the real world HF spectrum. The multicoupler 
Of interest is a wideband device, coupling the full 2 - 3¢e 
Maz range. The determination of the two-tone specification 
Which gives the multicounler sufficient [IM resistanee, 
tecomes an empirical and inexact o»orctlem. Reference [1] 
mresents survey results tnat show a receiving site on the 


Meet COast of tne United States suffering severe iM problems 
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Figure 3. Third Order Intercept Point 
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from signals originating in Uurope. The miarticoupler at 
fault was the CU-1L999/PR2 ee Specification has been 
even. lhe specification is inadequate for tne si 
environment encountered. 

Secondly, tne device has to be viewed as vpeax power 
Mmemiced for both the input power it can receive and tae 
output power it can provide. Whatever the device’s dynamic 
range, there will be a maximum limiting value of input vower 
which produces the maximum availatle output power, bringing 
M@temcaevice to the boundary of nonlinear operation. Any 
wept rondal input will drive the device into the nonlinear 
resion. Complex waveforms will randomly edd in-onase due to 
the large number cf frequencies and pnoases involved. If tais 
[Mieeeoase addition exceeds the peak input power, the device 
Will again be driven iO Bele I. Rence, the poase 
@@erpeacteristics of the input become important. The r.m.s. 
Voltage or average power indications do not include this 
Phase information. Therefore, the instantaneous voltage or 
peak power must be used to indicate the level of complex 
waveforms. If the period between input peaks, tnat drive the 
device nonlinear, is equal to or less than the relaxation 
Mme of the device, it will saturate and be held in 
muration. The impact of this periodicity is not evident 


from a two-tone test source. 
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A. BACKGROUND 

Wnite noise loading is widely used on telephone svstems 
memmeasure the intermodulation and cross talx trat otcur iin 
Mmiemesystem. Standards for the amount of noise that is 
allowed to exist have teen established. These nave ranged 
Meer the subjective opinion of the user to current 5ell 
Peyotem Practices (BSP), International Telecommurications 
Meormee (CCIR and CCITT) recomendations, and U.S. military 
standards (MIL-STD-188). Reference [3] presents a detailed 
qciscussion orf the anplicatons cf noise loading to telepnone 


systems. 


B. NOISE LOADING TEST 

Miemrprinciple of the test involves leading a system, 
cable, repeater or comoonent with wnite noise at tne input. 
The white noise is generated by a noise generator suchas a 
Marconi TF 20913 and is received witn a noise receiver, 
Marconi TF 26928. The white noise is generated over a 
bandwidth wider than the systems specified bandwidtn and 
then bandlimited with the highpvass (HDF) and lowpass (LFF 
filters to equal the system bandwidtn. The noise amplitude 
Meeenitorm. fae noise is applied to tne unit uncer test 


(UUT). A bandpass filter on the roise receiver is selected 


1 





and switched in line. Tne receiver ret@rence meter is then 
set to a reference level. Next, tne senerator stevoana 
Beiter. Mieemmeorres ponds Go the selected tandvass filter, 
Mmemeeowitciedc in line. The totel output noise vower is aeld 
momstant by an output monitor (alc;}. The receiver reference 
meter is returned to the reference level by adjustinz a set 
Sreattenuetors on the receiver. The attenuator reading ziven 
Memerne noise” power ratio (NPR) of the cross tale. 
intermodulation, and thermal noise that exists in tne 


receiver vassoand. 


MeeeeCiSE FOWSR RATIO 

ime rr 15 read from tie noise receiver attenvator, in 
meeempels (dB) or picowatts. The NP2 is the ratio of toe full 
Meeains noise power. in a narrow vassbernd, to tae noise 
power in the passtand after a natchine stopband filter has 
been switched in. The rest of the svstem remains fully 
Meagead., figure +. The NPR can also ce thought of as _ tne 
number of 43 an unused channels noise is below the system 
loading level. The NeR includes the tnermal neise fower, 
also called baseband intrinsic noise [3]. of tne system. 
Sophisticated techniaues are availaovle tc measure tae 
Momerion of the NPR that is thermal noise. as well as tnat 
Memerion of the [4 that is below the thermal noise level. 
ref. igo. ft] and [5]. For this discussion, the total Im, 


cross talk, and thermal noise will be considered since all 
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Figure 4. Noise Power Ratio 
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Meevaese utliiize the cevyices limited vower ard contribdute to 


Peeome vine nonlinear concitions. 


Meee GI CASI LITY OF NOISE LOADING TO MULTICCUPLES8S 

Woite noise testing kas been cf value in testing 
telephone translation equipment, microwave repeeters, and 
satellite transvonders with WGeebOue (4c 8 Cuannels or 
meewidtrs up to iz MHz. It is reasorable to extend this 
Meeemot testing to multicouplers. The two-tone test measures 
Momeeeroauced by ijiust two input signals. This is not a 
reasonable model of the HF spectrum. now many signals snould 


pe modeled in the vnasstand? Appendix A shows the results of 
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we 
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Memessamoles taxen of tre 2 - 22 MHZ svectrrvm. An: given 
Maeeseament, conteined an averese of 23¢ signals for tne day 
and ni2it measurements taaen. Perhaps, a 2270 tone test would 
mememore realistic. [f numerous 242 tone tests are made and 
averaged to develop some statistical descrintecrs. then wnat 
hes teen achieve? is the white noise test, done piecewise. 
Examinations or processing of received HF signals is 
Meee often dore over a finite tandwidth and not at a 
discrete freauency. The process will usually examine a small 
bandwidth (e.g. 3 XHz) of the 2 - 32 MYz available througa 
m@emmulticoupler. The concern is for low IM in the $ «Hz 
Mmieawidth of interest. The signal of interest must te 
available and not buried in IM generated bv tne otner 29.997 


Meme Or Sisrnals at the multicoupler input. The white noise 


Ce 





mest vDarallels this operation. [Tv uses &€ widevand sienal 


mmmnece anc Cxeamires a small bSancwidta for IM. 


rx] 


EF. EXAMPLE SPECTRA 


Hae folbowine fizures will show the se of the noise 


generator anc receiver set. The set used was tne Marconi CA 
27988, consisting of the Tr 27913 Noise Generator. tue Te 
2G02R Noise receiver, and the "8 version filters. Tne 


Marconi 8 version *ilters are those that comply with the 
current CCIR recommendation 299-1 (1974). 
mmeemere LE TI St1i7tS Of these filters ave given in ref. [3] and 
Mole AS an emample, the stopband filter for 5.342 MHz nas a 
Seen dWid@amate-(2 d55.2£ “42 at -S¢ d8 and 2& “rz at -e 
Meee ne correspondine tandpass filter has a 2 “57 bandwidta 
meee ss DINS Wem Minus @.2 dB and at -25 dB the bandwidth 
must be less than 22 vercent above or below the nomiral 
cutoff frequencies [3]. Figure 5 shows the s2°ctral 
GMaracteristics of the noise generator output: #lezures 35 
Mean? (b.) show the full and bandlimited outputs. figures 
Beeec.) and (d.)) show the high pass (HPF) and low pass (L?F} 
filter output characteristics and figures 5 (e.} and cane 
Meee 2.02 MAZ and L1.7 Miz stopband characteristics. 

Two examples of the effects of passing tne stoptand 
through a device are shown in figures 6 and 7. Figure $(a.) 
Betows CIE noise spectrum of the 11.7 “kz stopband at tne 


invut to a general purpose amplifier (HP 461A) and fizure 
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Figure 5. Noise Generator Output CGD) JEU IL Sverre rmeabtel 
(B.) Bandlimited White Noise 
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Figure 5. Noise Generator Output Gey) silo KHz TPF 
pe) 12,260 KHz LPF 
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Figure 5. Noise Generator Output (E£.) 9.34 MHz Stopband 
eee ii.? MHz Stopband 
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Figure 6. 11.7 MHz Stopband, Amplifier Cie Spee 
(B.) Output, NPR = 45.6 dB 
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S(t.) shows tne output resvonse. The stonvdand has been 
mamed in with irtermocniation products. Tne NPA, neasured 
Myer ae Calijnrated noise receiver was 45.6 dB. The svecitirum 


eeeeyzer display indicates an NPP around 3108. 


fee -e22 eer input} — ‘-52 dBm Noise in notch) = 31 45 


The spectrum analyzer horizontal sweep of 50 &kdz with an IF 
bandwidth of 1 KHz resulted in the display averaging some cf 
Mm@emeeroise at the eEdcdses of the stopbane inte the center, 
Peete le appearance of a higher Nex. The fixed, center 
Mmeeamencsy 2 <iz bandpass filter in tne noise receiver is not 


effected ir that wav and gives tne more accurate value of 


ct 


Peeeeeifure 7 shews a Similar display fer moe incut and 
Smet of a hie ei iciee se netZe = nurtinreoupler that was 
Meer eoine test and evaluation. the NPR for the multicoupler 


was 48.2 de. 
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A. E#ENVIPONMENT 

Appendix A contains a summary of data gathered froma 
m@eotral dnalysis of the HF spectrum from 2 to 32 MHz. The 
feemess WAS @Cxamined to determine the distribution of signal 
Meaty ces versus the number of observed sisenals. The 
om@megration of spectrum analyzer sweeo time, display screen 
persistence and vhotographic film sveed vield an average 
mover. Or r.m.s. voltage samole. Anv pnase infcrmation is 
lost and determination of the peak amplitudes of tae in 
Meeewecomponent additions is not possible. Peax power or 
instantaneous voltages will exceed the levels shown. ‘The 
data showed the mean signal amplitude vas -1¢4/2 d3m tor tne 
daytime survey and -95 43m for the rniehntire survev. Overall 
tne mean was -92 dBm. Tne dynamic ranse of the siznals was 
Boede (—22 to -115 dBm). 

The total number of signals observed was 12795 of wnicna 
8214 were observed in the daytime and the remainder at 


ra 


meet. NO signals in excess of -30 dBm were observed. the 
noise floor of the snectrum analyzer was -12¢9 dir, hence 
mrenals pelow -115 dBm were not counted in order to exclude 
noise from the analyzer. The data was found to be adequately 


meceled by the log-normal distribution. 
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Pee N-PHAS#* ADDITION 

In-phase Aooieeemeron 9 the sSsizrnals is an imoortant 
consideretion. The signal vpeaxs will erceed the r.m.s. 
Mees and may drive the device into nonlinear operation. 
Meese reduires that additional dynamic ranse be desigred into 
me@emeevice. Tnis is the crux of the intermodulation precblen. 
feeotoctent dynamic range and input power capability wiil 
prevent nonlinear operation and tnherebv prevent 
mepermoculation. This dynamic range must account for the 
fotal input instantaneous voltage or neak power levels. Hoy 
often the in-phase addition occurs and whet are tae maximum 
levels, are tne noints being argued. These two questions can 
be answered from a yYnowledge of the instantaneous signal 
Momepeeze Cistribution (Appendix A). 

Another vperameter effected dy the nature op tne 
femerri bution is the required relaxaticn time. The relaxation 
time must be less than the average period of the in pnase 
additions that exceed the dyramic ranre. otherwise the 


device mav te held in a nonlinear mode. orce driven into it. 


feet TeST RESULTS 

mie test using a single tone or frequency can te 
Semaucted, although this tyne of test iS generally 
inadequate. NG Sinmellems tone tests) were conducted. The 
twe-tone and white noise loading tests were the two types of 


IestS Carried out. 
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1. Two-Tone Test 

Mes Vemusce taste Tx¥o—-tore method were conducteaq with 
two Hr signals at ® and 1¢ MHz, whic2a were combined in a 
wmmene network and applied to tne input of tne unit wunreder 
mesmo T). aS shown in figure €. The UUT output was 
Orservead on a spectrvm analyzer and the display was 
photographed. The sisnal levels of both the input and output 
femememeasuret from the display and witn an EF r.m.s. 
meme ter. Yrequencies were verified witn a Ct eel 
frequency crunter. 

Pmeiune) 9 shows @ typical innut and output sryectrunm. 
Multiple tones were mresent at tre input due to tre 
harmonics of the fundamental freavencvy fererated in tue 
Signal zenerator. These were partially reduced ty filtering, 
Meemevere net fully eliminated. Hlimination resulted in 
Mester ticient input vyower to drive tne test multicoupler 
Mmombinear. Fiszure 1¢ is a srapn of output pcecwer versus input 
Mmeereand third order IM power. The tnird order irtercept 
Pomnmt is also plotted. The ithiecormmuer Tes teqgmnad 2a 1 ds 
@ompression point of +24 dBM. The test equipmert usec could 
memeprovice more than +i€ dEM of input drive. 

The power in an IM product depends on the power in 
the fundamental frequency and the fregquency of the IM 
product itself. IM power is assumed to be a smootn and 
mmest—-ljnear function as is the multicoupler outptt. Figure 


fi(a.) shows this in a graph of tne second and tnird order 


O4¢ 





VuaNv} 


YAZATVNY 
WNYLIAdS 





uoTLeINStTyJuog Juewdtnby Ase], suo,-OM], °8g eINnsTt J 


dd] 


YALIWL10/ 


"StW'e 4y 





ShT 
ALAN 


j 


ShT 
MALIA 


3) 








) 


( 





HZ 


} 


50 


) 


(B 


? 


pene 


mo lemuecireLones =Car 


Mult 


Figure 9 


Ge Output. 


36 








-50 pBM 


THIRD ORDER IMM 
INPUT 


-10 5 0 vBit 


Figure 10. Input Power versus Output Power and Third 
Order Intercept Point 


oi 







rx 
JATHAMSOMU 


. a 


o 
l 

2 

_ - 


anae angul S50 
eS ee —— 


a; uf _ 


~ - 
ist liveh!’ Feveg Suqna« , | 
aie? Jem at 9 


1a 


metal IM power of Vicmpeote Multicouvler outnut. fae test 
Mireais were § MEz and 14 Miz. Pigure 11({b.! shows tae 
mayrdagual power in 2ach o7" tne four taird order IM 
products. These curves show the variations that occur in tne 
individual products. IM power should be measured ty a tetal 
memerae ftemily of products and not bY usine one product as a 
representative sample. 
Peeeesoite Noise Test 

The output spectrum of tne Marconi OA 2¢98B Noise 
meme oet 1S shown in figure 5. Technically the white ncise 
fevins the unit under test is bandlimited white noise. fer 
evity if will be referred to as white noise or simply 
momee, when no ambiguity will exist. Tne white noise 
meoauced oy the T¥ 26918 noise generator is tandlimited ty a 
Seeemeenuz hiznoass filter anda _ 12.5627 MHz lownass filter. 
These filters are used in testing 27342 pAeene ll telepnon 
Systers and give the widest bandwidth cf wnite ncise 
commercially available. [deally the bandwidth of the noise 
Should equal that of the system under test. Tne full systen 
mamawlath must be loaded to simulate full load conciticns. 
Mees. sec. 6.2], and it is that full load condition which 
Begses the saturation and IM products, ref. [3. sec. 6.1]. 
In the tests conducted. full system bandwidth loadin, was 
mot achieved. Tne white noise occupied only 35 percent cf 


the system bandwidth of the multicoupnler and 7 percent of 


The seneral purpose amplifier bandwidth. However. cue tec 
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Figure 1i(a.) Multicoupler Output, Second and Third 
Order Total IM Power versus Input Power. 
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Figure 11(b.) Third Order IM Power versus Input Power 
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qdifferences in dynamic ranze. the amplifier could tbe driven 
well into saturation, while tne multicoupler renained in a 
Mmmear N0cde. Pence, the actual 1M vroducts in dota cases ay 
te more severe than those shown. 

feoure 2 9smows the Cest equipment conflguretion for 
Maewdoise loading test. The test was conducted as previously 
@escribed in section IITI.B. The Ne® for several levels of 
meen Can be vlotted to give an NrPr curve similar to 
figure 15. for the general purpose amplifier, and figure 14, 
momeeeune Nign dynamic ranze multicoupdler. The NPE curve can 
be plotted in values relative to tne maximum NPR loading 
Meg iiesure 15, or in absclute values, figure 1+. There 
Mmemparee regions on the NPR curve. They ere Liew near. 
maximum NPR and nonlinear regions. Reference [3] contains a 
detailed discussion of these. 

The three regions are snown in fissure 13. In tne 
Mmemedr refion. the signal to noise ratic remains constant. 
The thermal noise nS sia@nificant comoared to the 
intermodulation and ail dB IRE PGASE Ppesbeadine saoula result 
meee 2 G8 increase in NPR. The siznal to noise ratio can te 


expressed by: 


SNRr = -18 log [ a/(a-1) |] : 
SNRr is the SNR relative to the SNE at max. NPE 


f= sbie  2Rewominmattaorder of distortion. 
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Figure 14. High Dynamic Range Multicoupler NPR Curve 
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In the nonlinear rezion, the thermal noise is 
meee eie compared to the intermodulation. A 1 d® increase 
in loading decreases the SNRFr by ( a ) dB and decreases the 
NOR by ( a-i ) @B. The value of ‘a, the predominant order 
feeeerscOrtiom can be determined from the nonlinear region of 
the NPR curve. For example. in figure 13 ‘a equals taree 
Seance ; | 

Nonlinear Slope = 2 = ( a-1 ) ; hence a = 3 
In figure 14 the value of $a can not be found since a 
nonlinear region could not be measured due to insufficient 
G@eive. 

In the maximum NPR region. figure 15, the thermal 
noise is being overtaken by the intermodulation [3]. In tae 
caoeemrier ( a = 5 }) measured in figure 13. the thermal noise 


is twice tne IM at maximum NP&. 
Thermal Noise Power = ( a-i ) intermodulation power. [3] 


In a second order system ( a = 2 } the two would te equal at 
maximum wyieaele In figure 14 the maximum NPR of the 
Multicoupler was not reached. 

In figure 13, the amplifier maximur NPR was reachec 
meee) «6CcdRMhCUCofhChCUinput power. rhe amplifier had a specified 
Seemed Output of 2.5 volts r.m.s. into a 5@ onm load, taat 
mee - 9S dan. The 22 dB (plus cr minus 1 dB) gain setting 
Was used. Thus, the maximun input power needed to ovrocuce 


the maximum output was -12.21 dBm (plus or minus 148). The 
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NPR curve shows tne practical peax was reacned if dB sooner 
Pees )6 6UCC UTM ES 6 6UTNiSlh6hCUCUtUVpe6CUot «difference between the 
specification and actual operationel cavaovility that white 
noise testing shoulc eliminate. The result will be more 
realistic specifications and device performance. 

it PSone ses Inerease in noise loading 
produced a4.5 dB increase in NPF instead of the expected il 
GB increase. It appears that the reascn for this is tnat tne 
thermal noise was not significantly larzer tnean the 
Mepermodulaticn, as is usually the case. Tne thermal neoise 
of this quality device was below tre noise floor of the 
spectrum analyzer ( ~122 dBm ) and sould not be measured. A 
mmmee Of the IM products. which would e@rycseed this low 
thermal noise level, apneared to be higher order I" 
products. Figure 15(a.) shows a low level input to tne 
fimeercoupier. BPigure 15 (b. ) shows fourta, eighth and ninth 
oeeer iM products just appearing at -8d dBm. This level of 
IM would readily exceed the thermal noise level. 


o. Compverison of Both Metnods 





Ll Deeeeeeeeeci immo CaChOmmOUreGeStrict comparison of 
the two-tone and white ncise methods due to the different 
characteristics of the signal types involved. A preliminary 
comparison was made to identify areas of suveriority of one 
method over the other. The comparison was conducted oy 
separately applying either the two tones or the wnite noise 


Seeeaqust total r.m.s. voltage to the niah dynamic ranze 
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Figure 15. Tone Inputs (A 
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multicoupler. The NP® and the relative oe ae (FS! of 
mgeminird order iM »roducts were Ane 

Pea eemio canes ows gd 2ravh of the NrPrk for the 5.54 
foeeeara li.’ “MH2 and tne IM RS pnlictted against the invut 
power. Figure 15'b.) shows the same NP2 and IM ®S plotted 
mst tne irout voltage. There is no radical difference in 
these curves as would be expectec with the multicoupler 
Operating well within the linea~ region of the dynamic 
meomees Figure i7 shews the relationsnino cf the IM #S to the 
Meemeravnically. This relationsazip is near linear with the 
meme ation of these curves to a straiztht line being U.91 
moe 9.04 MAZ2 curve and 4.99 for the 11.7 MHz curve. 
Mmeretore, for linear operation either metnoc of testing 
fmt be SUrficient, fut this is not the case for nonlinear 
cperation. 

The level of IM in a device varies with the 
frequency. For the multicoupler the NPR nad different values 
in each of the two stopbands. These were closely related as 
meovwnein fieures 16 and 17. The NPR at 5.84 MHz ard 11.7 MYz 
differed oy 2.4 to 2.2 dad&. This means multinle samples must 
Semeracen es witt several sets of stcpdband/bancpass filters, 
several frequencies within the »vnassband of the device cen be 
measured to check for radical variations in the \PR. Unless 
several two-tone tests were made at a variety of 
frequencies. este mlrcamGemeoeDoeraticn could eesily oe 


missed. Such an ircrease of IM in one section of the 
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Figure 17. IM Relative Suppression versus NPR 
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passband of the device, while operating in a linear mode, 
meomece oe Sufficient te obscure a signal of interest. 

Using tne relative suvpression of an order cf I” 
(usually the second or third order) as a svecification, 
presumes that it is the predominent order of distortion. 
Measuring the NPR to develnp an NP® curve gives the order of 
the distortion without any presumptions. is already snown 
Meemwoloye of the nonlinear resion gives that value. To 
determine the order by the two-tere method, would again 
require observation and analysis of several orders of IM 


Mroqucts at various input levels and freauencies;: a lengthy 


Procedure compared to the white noise method. There is ealso 


c+ 
2 F 
Mm 


Ma@emmortrivial problem of filtering out the narmonics or 
ems vones at toe input. 

The use of noise, to load the inpnut, es amore 
realistic model of the actual H¥ spectrum has already been 
oeeeussec. The partial in-phase addition of signal peaxs, as 
meeorie in the HF spectrum, is nore likely to occur witn the 
wideband. multinle freyuency noise than with tae two-tone 
Meo . 

4. Combired Effects 

In-band intermodulation produces two effects: one is 
spurious signals which may mask desired signals; the second 
Seerect is power consumption and the attendant reduction in 
Peoeamic range. Out-of-tand IM produces only tne second 


effect. Out-of-band ie Gan be eliminated oy cutput 


22 





Peete. Out this just decreases tne limited power of tne 
PevVmeee DeSiznias an adeauate crynemic range will also 
eliminate this IM, but once the device is driven nonlinear. 
Somer bana IM may 9ccur. The amcunt of out-of-band IM can 
serve as a measure of the design adequacy. 

mi exam homeo ur—ot—eancm 4 is shown ir figure 13. 
wide band noise and a group of siznals were avpdliec to the 
Doeeeeot the multicounler, figure 12(a.'. The multicounler 
Weamee@esicned for the 2 - 32 MHz HF band, however it did not 
incorporate any cutput filtering. As a result, the device 
Sie@meds dan output response to 120 “MHz with neelizibtle roll 
Soames Droviced an @XaMination of out-of-banc IM. Figure 
18/b.) shows the output spectra. The noise only and signal 
only outputs atove &2Z MEz are less than -87 dim. The outnut 
Peeeecothm signals present at the input shows higner levels 
imeeo t Te out-of-band IM. The signal at £9 “Y¥z is -65 dim 
Voges -69 dPm and the noise is at -d7’ dim vice -75 dsm. a 
Siemuricant portion of the aveilable power is being spent 
O@uteor danc. 

Eeyeeeroosing the noise and signal levels properly. 
the noise was given an envelope or modulation effect that 
followed tne envelone of the signals. This can be seen to 
Some extent in figure 19 by comparing the output to tne 


moot at 74 and && Mdz. 
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Figure 18 A. Combined Inputs 
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Figure 18 B. Combined Outputs 
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Figure 19. Modulation Effect of Tones on Noise 
(A.) Input and (B.) Output 
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Ae ADVANTAGES OF NOISE LOADING 

The value cf tne NPR in tne stopbdand provides an 
excellent measure of tne IM a desired sieanel woulé be duried 
in, wnen the device is used. The neise sZenerétor and 
meeewver reed net be colocated, thus actval signal patas cr 
links can be measured. The NPR fie re incluces 
Meemmoditiation. cross talk. and thermal noise, all of wnica 
Seemerreute to masking a desired signel at tae output cr the 
feeerrooupler. The NPP curve derived frem the noise loading 
test provides information on both linear and nonlinear 
Memaoion. It also allows for the determination oo: the 
mmeceminent order of the IM distortion. The noise test set, 


Fa} 


memomstein= Or tne noise zenerator. noise feceiver, stupband 
memerers, Candlimitinge filters. and tandpass filters wita the 
meamomeanyinge local oscillators are tontained in two units 
which are compact, weigh approximately 459 mounds eacn and 
are relatively easy to handle. The white noise loadinz 
technique can be used to measure in-band or out-of-tand I” 
Usinz filter sets for the approvriate freauency. There is no 
meoeiem of filtering harmonics from tne cutput as with tne 
signal zenerators. Noise test set costs range from $6,¢¢¢ 


for the besic mainframes to $12,404 for the complete set 


beeen a nominal set of filters. 





Peo AR OVANTAGES OF NCISE LOADING 

NO specifications or standards for noise loadins tests 
fer AF multicouplers are available. [nese essentially will 
have to te developed from experience and increasei usage of 
tne noise loading techniuue. The white noise used in tne 
memememseunitorm in amplituce, the &¥* spectrum is not. This 
appeers somewhat unrealistic, nNowever it is much closer to 
oer fToan twce, singular test tones. This will result in 
omeeomeriy accurate, perhaps conservative *#isure of IM vrocuct 
Seem? Oility. To achieve full loading of the entire 
multicoupler bandwidth, a noise generator with a white, 
Pemoeima Ged output from 2 to $2 MHz will be needed. <‘Surrent 
geererators are geared toward telephone sistem baniwicdctas 
foeerare mucn less than 32 MHz. The cost of the system will 
increase if the additional bandwidtna is wtcrovided. 

Figure 14 shews another problem, which is inaiequate 
output (+22 ad Bm ) to drs vcmene uate dynamic ranse 
cmc oupler into nonlinear operation. This ray be a trade 
femeewicn tne increasing of the output bandwidth, sinse more 
total power will be presert in the 33 MHz bandwidth. In 
either case sufficient output to cause nonlinearity is a 
must. This problem was also encountered with the 2 - 32 W‘fiz 
laboratory ens | PEemeraroroe used in the two-tone tests. 
These were also limited to a maximum outnut of +22 dtm. Tnis 


Mient be solved by additional amplification provided by a 


high dynamic ranze, low noise vreanplifier witn a high trird 





meee intercent. The unit under test VPP could te measured 
memowitecning in the stontand and bandvass filters, and 
setting the receiver reference to sao at the output of the 
preamplifier. The unit under test output is then measured to 


Seb tae actual NPR readine. 


fete ACCURACY 

Reference [3, sections 7.7 and 9.11] contains a detailed 
Sermo. 10On Of VPP accuracies. This section will give a 
Semery of that reference. The overall accuracy of tne NPF 
will vary witn the bandwidth of the white noise, the center 
frequency of the stopband and the level of the stontand NFP. 
If a svsten has a high NPR (very little IM) that aprroacnes 
meee a Of tre stopbeand at tne generator output. then a 
@emmsecticn ranszineg from 3 to 14% d3 is added tc the neasured 
eeem Nek, Ssiving ar improvement in the system result. This 
mmerecticn is given in ref. [%, section 7.7. fisure 7.7.1] . 

In addition there are several corrections that are 
Seeeeroctatle to the noise geenerator and noise receiver. 
These will vary with the equipment that is used. fhe 


memerections tor the Marconi OA 2d9VvB set are: 


Pecuracy of senerator output: 


meeuracy of ale monitor Pm = tye eS OG 
mecuracy Of OLEDRT attenuator Bo ae ae ig ae 





Mecurecy of Dandlimitine filters (nezlizible; 


Meorness Of Frequency response es) oar meses 
Pecuracy of bandpass filters eek =2i1 ble) 
Accuracy of receiver attenuators r= t+/= 4.4 dh 


Peeor aus to switching in stopband: 


For wideband systems {57.8 Mz} Sere id 2 


meme rror due to switching in the stopband results from the 
Eeeomend filter eliminating. from the input, some of tne 
Mmeemency components that contritute to the overall NPF. 
Meoeecould result in a better NPR. For this reason the 
narrow tard ‘°B version filters are now recommended. Only 
Cne stopband filter sould be switched in at a time. The 
pemeererons for comdining the above factors are fZiven in ref. 
{3, section ©.11] and are restated belcw. For wideoand 
Meee Candwidths of 7.8 MHz or more. the total NPr error 


Mmaemeoneetre order of plus or minus 1.7 43. 


Baunear Resion: 
e = f[m+ert 
Nonlinear Regzion 


2 a mn ) a) 
e = [ (a-1 Jl m+ ge) + #4 a 


The slct width error 5s only effects the intermodulation 


Mmemowets and is not e factcr in the linear rezicr. 
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Meee OVeTall accuracy of NPR measurements is waolly 
acceptable art can be closely controllei. Tne measurements 
Peemectralent forward and easiilv conducted in the laboratorv 


Sree tne field. 


eal 
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Given the significance and viability of using noise 
loading and NPR measurements to specify intermodulation 
product suvscenvtibility, some guidelines and requirements for 
lume Cc eNlhCUCUWNPR UG ype of IM specification will be presented. 
memeeroecific fizure of NPR will depend on the specific 
device and its application. The examvle offered is for tne 


Mewgeevnamic ranfze multicounler, alreadcv discussed. 


Reet aClORS FOR CONSIDERATION 


1. Reesor estemeel oPeECit ications 


Current noise test set specifications nave peen set 








ft Omyn bv the International Teleccmmunications union 
committees, CCIR and CCITT. and are quite detailed. Sarly 
pretlems with white noise testing have been resolved. ‘To 
avoid relocating many of these pitfalls, it would be prudent 
te utilize test sets that meet recommendation CCIR 599-1. 
These correspond to the Marconi °B version eauinment. The 
ITU recommendations for noise levels in telepnone channels 
Gres ci #ittle use. but the sections of the recommencations 
dealing with the banclimiting. stovband and bandvass filters 


are apPplicavle. The equipments now available are searea to 


the customary telephone test frequencies. In seneral, there 


QO) 
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Meme aceguate selection of filters available which will 
Meee ene costs and confusion of a proliferation of new 
filter frequencies. 
2. Dvramic Range 

The dynamic ranse of the device impécts directly on 
the values of maximum NPR and maximum N?R loading. 
Specifying maximum NPP loading will fix the upper end of tne 
dynamic range. The lower limit would then need to de 
snecified by some minimum signal detectability or other 
feere. It would ovrobably te test to continue to specify 
the dynamic rarnse of the device separately. xeeping in mind 
meeereert is Closely tied to the IM product specification. 

eee Noise Power [Input 

iomise Dower input levels could be snecifieda. Ir tne 
dynamic range of the device and the range of NPR over the 
Oeeeeminc Tange is specified, then the roise Power input level 
Demeamolied. If the IM is specified bv a single desired NPR 
mere, tnen the noise pewer loading for that level of \rPF 
emer De Fiven. This value of noise power input could te a 
memem@ab yalue for the input loading expectec (also called 
the zero transmission level), or it could be the level of 
invut power neeced to reacn the 1 dB compression point. 

Maem panalimrts alse effect the input neise power 
mee for Ak multicouplers the band lirits are 2 - $2 MHz 
Smee the available noise bandwidth is approximately 12 Mdz 


faeeaeeee «6t latness)6«6©6of)6plus|6hG€Gor)6minus©6hCa:l half of a decibel. 
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Meeemereetions. written at this time,»swill néve to rerlect 
amen awidts limitation. 


4. NPP Level 





The NPR level could be specified in several ways. 
The NPR could te given as a single value for a given input 
loading level. such as the maximum NPF loading level or i ¢d3 
MeeressioOn point level. Specifying an intermeciate value 
Should be avoided unless tne slope of tne linear reésion of 
meemeeyr nk Curve is knOwn or also srecified, and that median 
value is in the linear region. In this case the dynamic 
ranse specification would nave to be given also. 

If tne NPR was specified for @ maximum NPE loading 
level, a siven slope of the linear ranze anc a Mmininun 
detectability. then tne dynamic range woule not need tc be 
separately specified. The NPP could be stated as a minimum 
to maximum range. On gal a serarate dynamic range 
meer ication. The coincidence of the 1d8 compression point 
loading level and the maximum NPR loading level should net 
be assumed. At 1 dR compression, the device may be operating 
in either the maximum NPP or nonlinear region. Altnougn 
Semepronal study is needed on this point, section IV¥.¢.2 
indicated that maximum NPR may occur before the 1 dB 
compressicn level. 

Determining a reasonable value of NPE will be 
fer icult initially. A selection can be made by comparine 


the NPR of a device with its known third order IM 





peer ication. simplirical] relatiensnips such as fizsure 17 maz 
Memeemoaole until exract relationships and experience with 
usage have heen developed. 
Se otcpbands 

mre stopouana tilter specifications should be taken 
trom the current [TU recommendations. A specification snould 
eee toe number and center frequencies of the stopbands at 
foeca NPF eh be measured. The variation of NPR with 
Meeauencvy calls for a4 sampling of a minimum of taree 
Stopbands. CCIR/CCITT recommendations show sampling at 
Mmeervals of 589 KHz te 7 Mhz, depending on tne device 
bandwidta. Spacing between stopbands should not exceed seven 
More merahertz. The use of taose stcvbaénd freluencies 
available on (ieemarket@would pgeduce samistactory results 
eee tae lack ef filters for frequencies atove 15 Mz. 

Omy=-cr=band stopbands can be used to tace out of 
tand measurements provided the filter sets are available fcr 
Meee trequencies desired. Out-of-band IM which might degrade 
total system performance could te observed on a spectrum 
analyzer if the stoptand and bandnass filter sets are not 
available. 


Sompomaer of Distortion 








A new area of specification may be ceveloped arctund 
the NPR curve. Since the order of predomirent distorticn can 
Fe determinei from tne NPR curve nonlinear region, it mizsht 


Memecesinable to specify this orcer cf disterticn. This 





Seeeeszication would reflect the desired gracefulness of tne 
Seemreem ecesradation. This figure would have a major effect on 
the device design and if poorlv chesen could lead ito 
Moeerent expense or capability not required. In the area cf 
meeeoro amplifiers or nerdlimiting transpcenders. tais type 
Peeve cificatior could nave impcrtant impact on specifyins 


Or Quantizing the svstem intermodulation. 


Pee ePLE SPECIVICATICNS 

fom the aiscussion ane data presented. a hypothetical 
Sveert icetion for the erperimentel hish dynamic renge 
fomemeoupler could be written. The 1 dR corpression point is 
xnown to be +24 d35r. The sienals lixelvy to be encountered 
meet rom +5.5 dBm to -60 d8m. To account for tne in-phase 
waeeeerors, a lose-normal Signal voltage Pobre wrt ions 
Appendix A. requires an additional 21 d2 of cynamic range 
moe votal of €6.5 dB. Assume that with nominal loading of 
memati. 2a Signal of -60 dBm must be recoverable. Tnis 
moueeeere aire an NPR of 65.5 dR. Comparing tris to fissure 17. 
emeourvealent third order IM RS would be -©¢ dS. Tais may 
seem to te an excessive figure wnen compared with current 
Mubticoupler specifications. However, severe I“ protlems 
Sxere in these multicouplers. It is wo7thwnile to realize 
meme ne cack to back (noise generator connected directly be 
moemereceiver) NPR of the test set is around 78 to 75 4a. 


Measurements at a 65.5 dB level of Px require close 





eeemuron tc tae errors already discussed. A summary of tae 


above “vata is: 


ieee, COMPression point fet a 3m 
Oynamic raneze So a8 


feat 5.9 chm loadine So.o0u 3 


Tae sample specification might read: 


The measured stopband NPR for intermodulation, tnermal 
noise and cross talk shall be not less than 65.5 dB for 
mie neut loadirs of waite noise of a bandwidth from 16 
fegeeuc 125640 KEzZz «with 2 vower level of +5.5 dBm. The NPR 
Shall be sampled at stopbdbands witnm center frequencies cf 
Seo+ MHZ and 11.7 Miz. The noise test set used snall 


Somply with recommendations CCI 3S99-i1. 


Maeeemeasured stopband NPR at 5.54 MHz ard 11.7 MHz saall 


Demeeresater than 75 dP for bandlimited, wnite noise 


tu 


loading less than —49 aBm and a maximum VF of 65.5 4@ 
mompe moise loading of +24 d3m. The NPR shall nave a 
linear characteristic between these points. The waite 
merce will be bandlimited at 515 “Hz and 12352 4Hz. The 
mans € est Set shall meet current Cia erry 


recommendations. 
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om DEST PROC ADURT 

mmeevest orocedure is straieht forward. Toe bask to back 
NPF of the test set snould be checsxed using the required 
miomee 2OWeT et eacn stopband to be measured. These are 
recorded and would te used to anply the hign NPR correctior, 
if needed. The unit under test is then connected between tie 
@enerator and receiver. figure ie. The bandlimiting filters 
and noise loadings level are set. For eacn stopband/bandpass 
fomeeer. Dair, the receiver reference level is set with the 
iermeass filter switched in. Then the stoptand filter is 
Switched in and tne receiver attenuators are adjusted to 
restore the reference level. The NPR is read from tne 
oeepemuatcr dial scales and the necessary corrections ére 
oeoeeemed. This vrocedure is based upon a kncwlecse of the 
Marconi instruments OA 28928 Noise Test Set anc snould be 


verified against manufacturers instructions if other test 


sets are used. 





VL eecONCLUSTONS 


The noise loading techniqne has been widely accepted by 
meee tu, Fell System. [ntelsat, DOD and other agencies 
involved with international and domestic telephone systems. 
This method has been used to successfully test multiple 
channel, wideband Prams lation oqmsl RETF reveaters. 
transponders and cables. The noise loading technique has 
teen developed, tested and standardized in these respects. 
Mepeecation of this technique to wideband HF devices is a 
new cdevelonoment. No established standards are available for 
memamolifiers or multicouvlers, Cutie etupllcalion 62 “tie 
technique is wholly valid and reascnable. Specifications. 
MeeeeeceS anc expertise will develop es usaze and acceptance 
increase. 

The measured NPR gives an accurate valve of the 
intermodulation Drodwcts tnat are eenerated by the 
monlinearities or power limitations of the multicoupler. 
Methods for identifying both thermal noise and that portion 
mone intermodulation below the thermal noise level are 
available.ref. [3],[4] and [5]. Error correction tecnriques 
memeresauce NPP errors to less than cne decibel. 

Additional research should be directed toward the 
determination of the relationship between tne maximum NPR 


moedine and 1 dB compression points to determine if the 
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Peers ication of the woper limit of the dynamic range 7 
using the maximum NPR lnading point, is preferable. 

Determination of the relationship of the third order 
intercept to the NPR will allow conversion of old IM product 
susceptibility Speciuications to the NPR tyvoe of 
Seeeitication. This would allow a rapid broatenine of a base 
meer kR specification, if the relationship can be 
Quantified. 

mecvermodulation oroduct production is dependent on the 
nonlinear action of the device. Additional knowledge about 
O@eiewenature of instantaneous signal voltage distribution and. 
Mmemirequency with which in-phase additions occur, will 
broaden the understanding of how taese devices are driven to 
the nonlinear region. Combining this with a knowledge of the 
@evice relaxation time and maximum NPR loading will provide 
a basis m0 FE exact Spoe lcd ti Ons of IM DEodue | 
Perce rptibility that will minimize costs and provide maximum 
performance. 

Additional research should also be conducted to 
determine if IM product tests are sufficient with the 
@oerent bandwidth limits (12 MHz) of the white noise or 
wimecner the full 2 - 32 MHz bandwidth will be necessary. 
Sufficient justification, in performance gained. will be 
necessary toc validate the cost increases for the 5 Miz 


bandwicta test sets. 
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The ms > rubutvion of signal peak voltages impacts 
G@apectiy upon the dynamic range of an FF devise. MTIwo 
hypotheses in this field are currently beings debated. The 
Gemare centers on the nature of the distribution of peak 
Signal voltage versus the frequency of occurrence of tnat 
voltage. The distribution determines the additional amount 
of dynamic ranee, cver the observed sienal values, that is 
needed to withstand the in-phase addition of small signals 
that results ina sudden overload of the device input. The 


fomemioteTibutions being suggested as models are: 


1. That signal voltages are log-normal distributed, and 


mumacdi1tio0nal 21 GB of dynemic ranse 15 needed. 


2. That signal voltages are zaussian distributed. and an 


maditional 15 dB of dynamic range is needed. 


ier points to be considered in arguing these two views from 
an HF communications viewpoint are many and varied. They 
irerve consideration of the near field, far field, Rayleign 
fading, D layer a osOr Dt Lom, geographic hocay On, 
Bomarization, atmospheric and man-made noise and other 


mactors. 
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A cursory look at the problem was undertaken aS pert of 
muiemoreparation of this vaper. Fizure 25m SHOWS. tne -stest 
Sequrpment confizuration. Tne oyorocedure was tc use the 
Seeetcum enalyzer to examine tne HF spectrum for 2 to 32 Miz 
in o@¢ KHz segments. Fach sessment was photographed for 
record. The entire scan from 2 to 32 MHz was done once 
foeemeeagaylight and once during the night, to record two 
Geentan c t PeoOvateabt One scOnGd1b10nsS. The entire scan toox 
approximately four hours to record. Therefore, tne frequency 
Scan also represents a time scan. The signals recorded on 
film were broken into 5 dB ranges. The total numter of 
Signal veaxs in each 5 adB range were counted. 

Several inaccuracies were induced using tnis form of 
measurement. No error correction was attempted due to the 
overall accuracy desired. These errors include: the “Q' of 
the wire antenna was insufficient for the bandwidth 
measured; the antenna was horizontally polarized; and hig 
Sieneal peaks masked low level signals on nearby frequencies 
due to the nature of the photograph and the CRT trace. No 
Signals above -30 dBm were observed. The spectrum analyzer 


noise moore was —-12e0 dBm. Signals below -l15 dsm were 


omitted te vrevent inclusion of spectrum analyzer noise. 
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Figure 20. HF Spectrum Measurement Equipment 
Configuration 
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femomoectrum analyzer settings were: 


IF Bandwidtn 
Merticle scele 
Log dB reference 
Bemizontal scale 
Horizontal sweep 


Total horizontal axis 


Figure 


the daytime survey. A total of 12295 signals 


Dee KHZ 

reas division 

~30 to -SU dBm as needed 
Od Zaye VAS 1 On 

Sesec / aivision 


5@0 KHZ 


21 contains a sample of the photographs taken during 


were observed 


€uping the day and night surveys. The statistical data are: 


Day 

mean 

stnd. dev. 

signals counted 
Night 

mean 

Sind. dev. 

Seals Counted 
aot a 1 

mean 

Sune. ev. 


Signals counted 


Figure 22 shows the 


meeereied in dbm on linear scales. 
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Figure 21, HF SPECTRUM SAMPLE 
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Figure 22. Spectrum Survey Results 2 - Siz 
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fmeocal€Cc «6and «€6tmen)6«6Ulfplotted)6 on )«€6o6llee-ncrmal or gzaussian 
mere ot lity paper, the data will 2zive a straiznt line on the 
paper of the proper distribution. Reference [6] was used fer 
Uhis procedure of scaling and ordering the data. The data 
was plotted in straight line segments representine tne 5 de 
range and the range of the number of signals in it. Figures 
25 and 24 show the log-normal and eaussian plots 
Memepectavelv. The conclusion that can be drawn from such 
plots is whether the represented distribution is adequate, 
questionable or inadequate as a model of the actual sisnal 
distribution. When truncated data or samples are taken, tne 
Seve will usually show deviation from a straiazht line near 
the enis [6l. 

Figure 23 shows that for tne signals measured the 
oaanormal fs tri but Lon is an adequate Statistical 
Mmemerigvoer. Fizure 24 shows that tne normal or gaussian 
Meier geution is an inadequate descriptor. It would be 
concluded from this, that the dynamic range of a device 
Mmemeryineg the 2 - $2 MHz spectrum should include an 


- 


Seep 2Ondl 21 dB as opposed to 15 dB. 
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Figure 23. Log-normal Probability Plot of Signal Voltage 
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Figure 24. Gaussian Probability Plot of Signal Voltage 
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APPENDIX B 


The step by step procedure for taking an NPR measurement 
iemeeoresented below. The procedure is for the Marconi 
Instruments OA 22922 White Noise Test Set. Reference (5] 
shoula be consulted when using this equipment. The procedure 
may varv for other noise test sets. 

A back to back NPF should be taken for each generater 
output level and stopband to be used. This value mav be 
needed to Peewee reor Corrections. [he back to -aztk test 
is made by connecting the generator output directly to the 
receiver input. The procedure telow applies to beth the tac« 
to back test and the system test. 

The connections for the system test and back to back 
test must be made with cables that match the generator 
output and receiver input impedances (75 ohms). For system 
tests the generator and receiver can te at separate 
locations, such as at opposite ends of a rultiplexed cattle 
Or microwave link. A minimum of three, widely spaced 
stopbands should be sampled. 


The procedure is: 
imeerurn cn the generator and receiver. 
2. Switch in the desired hishyass and lowpass bandlimiting 


fimeeers on the generator. 
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Seeeowitch on the noise output and adjust it to the level 


that will be used for the system test. 
4. Switch in the desired receiver bandvass filter. 


5. Using the Reference Set knob, set tne receiver meter to 
the zero reference level. Adjust the attenuators noe 
mecessearv. The attenuator scales can be set to zero, 
independently. without changing the attenuator «nod 


Position. 


Seeeevatcn in the generator stopband filter corresponding to 


the selected receiver bandpass filter. 


(Up Adjust the attenuator knobs to restore tne zero 
reference. Do not change the Reference Set position. The 
NPR can be read from the attenuator knobs and the receiver 


mewemetO an accuracy of @.2 43. 
@. Apply any error corrections that are needed. 


9, Reveat the atove procedure ete Ng the remaining 


stopband/btandnass frequencies to be tested. 


DO NOT SWITCH MORE THAN ONE STOPBAND FILTER IN LIN&® AT A 


MIME. Otherwise a laree error will result (CCITT 228). 
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